IMPORTANCE Guidelines recommend assessing orthostatic hypotension (OH) 3 minutes after rising from supine to standing positions. It is not known whether measurements performed immediately after standing predict adverse events as strongly as measurements performed closer to 3 minutes.
O rthostatic hypotension (OH) is a common medical condition in older adults that is associated with higher risk of falls, coronary heart disease, stroke, and death. [1] [2] [3] The determination of OH is based on a consensus statement from the American Academy of Neurology, 4 which has since been incorporated into international guidelines. 5 This statement defines OH by a postural reduction in systolic blood pressure (SBP) of 20 mm Hg or greater or a diastolic blood pressure (DBP) of 10 mm Hg or greater, measured 3 minutes after rising from a supine to standing position. 4 However, the 3-minute time delay is often less practical in clinical settings owing to time constraints. It is unclear whether early measurements are as informative as later measurements. Indeed, a number of reports advocate discarding the first blood pressure (BP) measurement owing to presumed changes in physiology, that is, BP "restabilization." 6, 7 In the recent SPRINT study, 8 investigators measured BP at 1 minute after standing with seemingly paradoxical results, that is, more aggressive antihypertensive treatment was associated with a lower prevalence of OH but higher risk of its sequelae (emergency department visits for OH and syncope) with no increased risk of fall. Whether these counterintuitive findings stem from the shortened time interval is unknown.
To provide evidence for the optimal timing of OH assessment, we compared repeated BP measurement obtained at different times in a large, community-based population of middleaged adults. Using repeated BP measurements, our objectives were to (1) compare early and later OH measurements with selfreported history of dizziness on standing; and (2) compare the associations between early and later OH measurements relative to long-term, incident clinical outcomes (eg, falls, fractures, syncope, motor vehicle crashes, and mortality). We hypothesized a priori that measurements obtained less than 1 minute after standing would be less informative than measurements obtained 1 to 2 minutes after standing.
Methods

Study Population
The Atherosclerosis Risk in Communities (ARIC) Study is a prospective cohort of 15 792 adults. Participants, ages 45 to 64 years, were originally enrolled between 1987 and 1989 from 4 US communities and followed for over 2 decades.
9-11 Physical examinations, medical interviews, and laboratory tests were conducted as part of the original ARIC protocol. We excluded participants who did not have an OH assessment at baseline (n = 2555), who were missing any of the first 4 orthostatic measurements (n = 1210), who were missing dizzy status (n = 15), and who were missing relevant covariate data at baseline (n = 583). This resulted in a study population of 11 429 participants. A comparison of baseline characteristics of participants included and excluded from this study may be found in eTable 1 in the Supplement. Participant health status relative to clinically reported OH symptoms or outcomes was not known at ARIC study entry. Written informed consent was obtained from all participants, and the study protocol was approved by institutional review boards at all study sites. Participants received compensation.
Orthostatic Hypotension and History of Dizziness
During the baseline visit, supine SBP and DBP were measured with a Dinamap 1846 SX oscillometric device (automatic cuff) after participants had been lying for 20 minutes.
12,13 An oscillometric device rather than a manual device was used to standardize the timing of repeated measurements between participants.
The device was programmed to record up to 5 BP measurements while lying in the 2 minutes preceding the standing phase of the protocol (range, 2-5 supine measurements with at ≥4 measurements obtained for 90% of participants). Prior to standing, each participant was asked if he or she "usually gets dizzy on standing up." A yes or no response was recorded, and participants responding "yes" were permitted to pause in the seated position at the edge of the examination table until they felt safe to stand. Otherwise, all participants were instructed to stand up quickly, safely, and in 1 smooth motion. If a participant felt dizzy immediately after standing, they were permitted to lean back against the examination table; otherwise, they were instructed to stand away from the table.
After giving the command to stand, the time that both of a participant's feet were planted on the ground was recorded by ARIC staff, who then proceeded to initiate the automatic cuff, which was programmed to measure BP up to 5 times (range, 2-5 standing measurements with at least 4 measurements recorded for 91% of participants). The end and initiation of each BP measurement was separated by 2 or 3 seconds. The time of each measurement result was recorded and varied based on the time required by the automatic cuff to measure a BP. The OH for each measurement was defined using thresholds similar to the consensus definition, that is, a decrease in either SBP or DBP of at least 20 or 10 mm Hg, respectively. 4, 14 Long-term Outcomes: Fall, Fracture, Syncope, Motor Vehicle Crash, and Death Fall, fracture, syncope, and motor vehicle crashes were defined at the first occurrence of any related hospitalization or claim for inpatient or outpatient services after the baseline visit. These outcomes were identified via 2 sources: (1) active surveillance of all hospitalizations for all ARIC participants; and (2) linkage to Centers for Medicare and Medicaid Services (CMS) claims data from 1991 to 2013 (see eMethods 1 and the eReferences in the Supplement).
Statistical Analysis
Baseline characteristics were compared using means and proportions. We determined the mean time as well as the mean difference and percentage change in SBP or DBP at each of the 5 measurements.
Using linear splines, we modeled the continuous association between postural change in SBP or DBP and baseline history of dizziness on standing using logistic regression with adjustment for age, sex, and race-research center. Knots were placed at −30, −20, −10, 0, 10, 20, and 30 mm Hg for SBP and −15, −10, −5, 0, 5, 10, and 15 mm Hg for DBP. We examined dizziness given its hypothesized role in causing falls and its relationship to syncope. We also used logistic regression to examine the association of OH, postural change in SBP (per 5-mm Hg increment), or postural change in DBP (per 5-mm Hg increment) with baseline history of dizziness on standing. A 5-mm Hg increment was used for both SBP and DBP to facilitate interpretation and comparison. These models were adjusted for age, sex, race-research center, heart rate, body mass index, estimated glomerular filtration rate, diabetes, hypertension, alcohol use, education level, smoking status, physical activity, coronary heart disease, history of stroke, heart failure, hypertension medication use in past 2 weeks, diuretic use, antidepressant use, sedative use, hypnotic use, antipsychotic medication use, anticholinergic medication use, resting SBP, and resting DBP. To directly compare measurements, we further included measurements 1 to 4 simultaneously in the model described herein, and in a sensitivity analysis included measurements 1 to 5 in the model.
We calculated the incidence rates of fall, fracture, syncope, and motor vehicle crash as well as mortality rates (per 1000 person-years) for participants with and without OH, using Poisson regression with a robust variance estimator, adjusted for age, sex, and race-research center. In addition, we fitted distinct Cox proportional hazard models with each of the 5 measurements separately to examine the independent association of OH, postural change in SBP, and postural change in DBP with risk of falls, fracture, syncope, motor vehicle crash, or death. Schoenfeld residuals were plotted over time to test proportionality assumptions. These were adjusted for all the covariates listed herein.
Sensitivity analyses were performed using multiple imputation chained equations to impute values of missing standing SBP and DBP measurements as well as missing self-reported dizziness. In addition, we performed sensitivity analyses in strata of baseline hypertension, given its association with OH. 20 We also repeated the analyses with adjustment for pulse pressure as well as proportion with baseline DBP less than 60 mm Hg. All analyses were conducted using Stata 14.0 (StataCorp LP).
Results
Population Characteristics
The study population (n = 11 429) included 6211 women (54%) and 2934 black participants (26%), with a mean (SD) age of 54 
History of Dizziness
The proportion of participants with a history of dizziness was higher with greater postural drops in SBP or DBP, particularly for measurements 1 to 4 at −10 to −20 mm Hg for SBP and at 0 to −5 mm Hg for DBP ( Figure 1 ). Furthermore, measurement 1 was associated with the highest proportion with dizziness at 13.5% (95% CI, 11.0-16.1) (eTable 3 in the Supplement). Systolic blood pressure or DBP measured during measurement 1 was associated with the greatest proportion of participants who expressed a history of dizziness on standing compared with the other measurements. Moreover, OH identified at measurement 1 was strongly associated with history of dizziness (OR, 1.49; 95% CI, 1.18-1.89) ( Table 2 ). In contrast, OH assessed at measurements 2 to 5 was not associated with history of dizziness. Similarly, there there was not an association between change in SBP and DBP measured at measurement 1 with dizziness alone (not measurements 2-4). Postural change in DBP at measurement 5 was inversely associated with dizziness (OR, 0.92; 95% CI, 0.86-0.99).
Long-term Outcomes
Longitudinal incident clinical outcomes were recorded over a median follow-up of 23 years. These events included 2089 falls (18.3% of events), 3104 fractures (27.2%), 2326 syncopal episodes (20.4%), 426 motor vehicle crashes (3.7%), and 4119 deaths (36.0%). Orthostatic hypotension identified at measurement 1 was associated with the highest incidence and/or mortality rates of fracture, syncope, and death at 18.9, 17.0, and 31.4
per 1000 person-years, respectively ( Figure 2 ;eTable3inthe Supplement). Orthostatic hypotension identified at measurement 2 was associated with the highest incidence rate of falls and motor vehicle crash at 13.2 and 2.5 per 1000 person-years. After adjustment for covariates, OH determined by measurements 1 to 4 were all significantly associated with falls, with measurement 2 demonstrating the strongest association (HR, 1.29; P < .001) ( Table 3) . Similarly, OH identified in measurements 1 to 2 showed the strongest associations with fracture at HRs of 1.16 (P = .04) and 1.14 (P = .04). Orthostatic hypotension determined at each of measurements 1 to 5 was significantly associated with syncope, while only measurement 2 was significantly associated with motor vehicle crash (HR, 1.43; 95% CI, 1.04-1.96). Finally, regardless of measurement, the presence of OH was associated with mortality. When postural change in SBP was modeled as a continuous variable, all measurements were associated with falls, syncope, and mortality. Only values from measurements 1 to 4 were associated with fracture, and only measurement 2 was significantly associated with motor vehicle crash (HR, 1.04; 95% CI, 1.00-1.09). Similarly, postural change in DBP as a continuous variable at all measurements was associated with falls, fracture, syncope, and death. However, none of the measurements were associated with motor vehicle crash.
Sensitivity Analyses
Our findings were confirmed in a comparison of OH from measurements 1 to 4 in models that included all measurements simultaneously (see eTable 4 in the Supplement). Measurement 1 was associated with dizziness (OR, 1.59; P = .001), syncope (HR, 1.21; P = .03), and mortality (HR, 1.15; P = .03), and measurement 2 was associated with falls (HR, 1.20; P = .03) and mortality (HR, 1.22; P = .001). Later measurements were not associated with dizziness or outcomes (exception: measurement 3 and mortality; HR, 1.15; P = .04). Similarly, when restricted to the subpopulation with all 5 measurements, only measurements 1 and 2 were associated with either dizziness or long-term outcomes (see eTable 5 in the Supplement).
Imputation of missing standing SBP and DBP measurements as well as dizziness did not meaningfully change our findings (see eTable 6 and eTable 7 in the Supplement). In a similar fashion, repeating analyses in strata of hypertension (see eTable 8 and eTable 9 in the Supplement) or adjusting for pulse pressure and proportion with DBP less than 60 mm Hg at baseline (see eTable 10 in the Supplement) yielded virtually similar results.
Discussion
In this middle-aged, community-based population, these data demonstrate that OH assessments collected within the first 30 seconds after standing were most closely associated with a selfreported history of orthostatic dizziness. Furthermore, the ear- 
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Rates were determined by orthostatic hypotension (OH) status using each of measurements 1 through 5. Mean (SD) measurement time in seconds is reportedinthe key. Error bars indicate 95% CIs. Note that there were 11 429 participants for measurements 1 to 4, but only 7385 for measurement 5.
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Dizziness and Early vs Later Orthostatic Hypotension Assessment Times liest measurement was informative as to risk of future fall, fracture, syncope, and mortality. Orthostatic assessments that were delayed by more than 60 seconds after standing were less informative as to long-term outcomes and were not associated with dizziness. These findings suggest that the practice of assessing OH within 1 minute of standing provides clinically useful information that may be missed when only later measurements are recorded. Orthostatic hypotension is an important clinical sign. It is associated with a number of adverse outcomes, including falls, coronary heart disease, stroke, and death.
1-3 Short-term consequences of OH include lightheadedness, vision problems, weakness, fatigue, and trouble concentrating. 21 It is thought that these symptoms mediate health outcomes, but in some circumstances, such as death, it is unclear whether OH is the underlying cause or whether it reflects autonomic dysfunction or another primary disease (eg, heart failure, 22 There is substantial debate over the optimal timing of OH measurements. In clinical practice, convenience often dictates initiating assessment of orthostatic BP right after standing, reflecting a scenario similar to measurement 1 in the ARIC study protocol. However, there have been concerns about assessments occurring too early based on short-term physiologic changes in BP on standing. 6 For example, beat-to-beat BP assessments show short-term increases in BP immediately after rising. 32 As a result, a number of studies have advocated against using BP measurements obtained soon after standing to assess OH 2, 7 ; however, it is unclear how long one should wait prior to performing the standing measurement. The original American Autonomic Society and the American Academy of Neurology consensus definition called for a 3-minute delay. 4 In contrast, some studies have advocated for at least 5 minutes prior to assessment of OH. 33, 34 Our study showed that the largest mean reduction in SBP occurred at measurement 2 for SBP and the lowest mean increase in DBP occurred at measurement 2 (mean changes in DBP were greater than those in SBP). Furthermore, we show that earlier measurements, particularly those within 1 minute (measurements 1 or 2), were the most informative for both dizziness and longterm outcomes in this population. We showed that for the prospective outcomes of interest as well as for history of dizziness, earlier measurements, that is, intended for collection within the first minute of standing, were more informative than later measurements. Both measurements 1 (mean, 28 seconds after standing) and measurement 2 (mean, 53 seconds) were informative as to risk of falls, fracture, syncope, and mortality. Furthermore, measurement 1 was the only measurement associated with history of dizziness, and measurement 2 was the only measurement associated with future risk of a motor vehicle crash. This sug- 
Limitations
This study has a number of limitations that should be considered if these data are to be considered for use in clinical populations. First, falls, fracture, syncope, and motor vehicle crashes were derived from International Classification of Diseases, Ninth Revision (ICD-9), codes of hospital records and CMS claims and were not adjudicated. Prior studies have shown that while these codes are specific, the use of these codes is known to be insensitive (clearly demonstrated in the case of falls 15 ). As a result, associations are likely conservative owing to underascertainment. Second, there was variability as to the length of time required by participants to stand as well as when time assessments were obtained. Thus, we compared measurement number rather than time of measurement. We believe this is more reflective of real-world scenarios in which there are a number of factors that contribute to variability in the timing of BP assessments. Third, the measurement protocol was designed to terminate with symptoms of discomfort or dizziness. As a result, ARIC participants missing 1 of the first 4 measurements likely had a higher prevalence of concurrent dizziness with standing. Fourth, driver status or driver eligibility for ARIC participants was not ascertained and is unknown. As a result, some members of the study population were less likely to be drivers of motor vehicle crashes, which would result in lower event rates for motor vehicle crashes. Fifth, other relevant variables (eg, fainting spells, cardiac failure, seizures) were not available. Sixth, the study lacked follow-up OH measurements precluding examination of change over time.
Conclusions
Our study demonstrates that early assessments of OH (within 1 minute) may be not only time-saving but also most clinically relevant and highly informative for long-term prognosis. While our data were derived from a relatively healthy community population, they imply that OH measurement protocols might achieve their greatest prognostic value by including early poststanding BP measurement time points. These results represent compelling evidence for earlier time measurements in the assessment of OH in middle-aged adults.
Author Contributions: Dr Juraschek had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis. The ARIC Study obtains hospitalization information from annual telephone contact with study participants and through surveillance of hospitals in the study communities (inpatient hospitalization data currently available from January 1 st , 1988, through December 31, 2013). In the original ARIC protocol, surveillance was primarily focused on coronary heart disease, stroke, and heart failure outcomes, but thereafter included other diagnostic codes for hospitalized events, including those attributed to fall, fracture, syncope, and motor vehicle accidents.
Participant data were also linked to CMS claims data using a finder file that included participants' social security numbers, sex, and date of birth through a matching process described previously. 1,2 These claims were available for eligible persons derived from two forms of coverage: (1) fee-for-service (FFS) or (2) managed care organizations. CMS data included inpatient and outpatient claims for participants enrolled in FFS continuously after reaching CMS Medicare eligibility and those with intermittent FFS enrollment during the period of observation. While no outpatient claims were available for cohort participants enrolled in managed care programs, inpatient claims were available on a selective basis from the year 2008 onward.
MedPar files were used to identify inpatient CMS records for hospital encounters related to falls, fractures, syncope, and motor vehicle accidents. Outpatient falls and motor vehicle accidents were identified using the Clinical Classification System (CCS) category 2603, E codes, which were based on International Classification of Diseases, 9 th revision (ICD-9) external cause of injury codes. Falls were identified using the following ICD9 codes: E880.X-E888.X. Fractures were defined by ICD9 codes: 733.10-733.19, 733.93-733.98, and 800-829.1, and syncope was defined by code: 780.2. Motor vehicle accidents were based on codes: E810.0-E825.9, E929.00, and E988.5. Death was determined by surveillance of hospital discharge records, coroner reports, the National Death Index, and next-of-kin interviews.
eMethods 2. Covariate Definitions
Data were collected at baseline by trained study personnel using standardized protocols, following extensive quality control measures. Covariates were selected a priori based on the existing literature for OH. 1 Age, sex, race, alcohol use (never, former, current), education level (less than high school, high school degree or vocational school, at least some college or professional school), smoking status (never, former, current), history of stroke, hypertension medication use in last two weeks, diuretic medication use, antidepressant medication use, sedative medication use, hypnotic medication use, antipsychotic medication use, and anticholinergic medication use were self-reported. Participants' leisure time physical activity was assessed via the ARIC/Baecke Physical Activity questionnaire. 6 Body mass index (BMI) was calculated using height and weight measurements. Resting SBP and DBP was estimated from a mean of the second and third of three measurements obtained with a random-zero mercury sphygmomanometer. Pulse pressure was determined by calculating the difference between SBP and DBP. Heart rate was determined from a baseline electrocardiogram taken at rest. Serum creatinine was measured by the modified kinetic Jaffé method. Estimated glomerular filtration rate was determined from serum creatinine using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. 7 Diabetes status was defined by a fasting blood glucose ≥126mg/dL, a non-fasting glucose ≥200mg/dL, a self-report of a physician diagnosis, or self-reported diabetes medication use. Hypertension was measured using a separate protocol from the OH measurements and was defined as a SBP ≥140mmHg or DBP ≥90mmHg or self-reported use of an antihypertensive medication. Heart failure was defined as active use of medications to treat heart failure or self-reported symptoms associated with heart failure based on the Gothenburg criteria. 8 Coronary heart disease was based on electrocardiograms (silent myocardial infarction), self-report, or self-reported history of previous coronary revascularization procedures. 
